It is well known that animal mobilizes the fats from peripheral depots to the liver when starved. However, the detailed mechanism of such fat mobilization is not clearly understood biochemically (ROBINSON and FRENCH 1960) and morphologically as well.
I. Materials
and Methods.
The liver tissues were removed from several young goldfishes after starvation for two weeks, and from three young goldfishes fed regularly. Immediately after removal from the fishes and cutting into small bits, the specimens of liver tissue were fixed in 2.5% osmium tetroxide buffered with s-Collidine (BENNETT and LUFT 1959) at pH 7.4, for two hours in the ice box. The specimens were dehydrated in a graded series of ethanol, and then embedded in Epon epoxy resin (LUFT 1960) . Thick sections for light microscopy and thin sections for electron microscopy were cut with a PORTER-BLUM microtome. Thick sections were stained with 0.5% toluidine blue buffered with phosphate at neutrality, and examined with a ordinary light microscope. Thin sections were stained with lead tartrate (MILLONIG 1961) , and observed in an RCA EMU 2C or Hitachi Hs 7 electron microscope.
II. Results.
A. Light microscopy.
As previously reported (YAMAMOTO 1962) , the liver of goldfish does not show lobulations. The liver cells are not arranged in cell cords, but tigtly packed between the sinusoids distributed irregularly (Figs. 1 and 2). In regularly fed fish (Fig. 1 In the starved goldfish (Fig. 2) , however, the liver cells are more or less reduced in size, and the cytoplasm contains a much greater number of granular structures than does that of the liver cells in the regularly fed fish. In addition to such granular structures, the cytoplasm contains a variety of dense particles which can be readily distinguished by virture of more intensive density of staining from other granular structures. These dense particles actually represent the fat droplets, and exclusively occur in the cytoplasm of the liver cells in the starved fish.
B. Electron microscopy.
In the liver cell of regularly fed fish, the plasma membrane faced to the perisinusoidal space shows a little irregularity, but the microvilli are not prominent here (Fig. 3) . The cytoplasm adjacent to the cell surface is devoid of glycogen particles, but contains the endoplasmic reticulum in various forms, some of which are attached partially with RNP particles (Fig. 3) . The cavity of the endoplasmic reticulum appears to be empty, and no particles are visible within it. In the vicinity of nucleus (Fig. 4) , the granular endoplasmic reticulum consisting of parallel membranes which appear to show profiles of flattened cisternae, can be found in a cluster. Here also the cavity of the endoplasmic reticulum does not contain particles visible in electron micrograph. Glycogen particles are absent in a cluster of the endoplasmic reticulum, but numbrous mitochondria are concentrated here in the close proximity to the endoplasmic reticulum (Fig. 4) . The cytoplasm is in general filled with abundant glycogen particles, and contains only a few of elements of the endopasmic reticulum, except at the regions of cell surfaces, of clusters of the endoplasmic reticulum and mitochondria, and of the intracellular bile canaliculus (DAVID 1961 , YAMAMOTO 1962 .
In the liver cell of starved goldfish (Figs. 5, 6, 7 and 8) . the remarkable depletion of glycogen particles can be noticed in the cytoplasm.
Numerous mitochondria varying in form are scattered irregularly throughout the cytoplasm (Fig. 5 ). The plasma membrane faced to the perisinusoidal space shows more complexed appearance, and the microvilli are long and apparently well developed when compared with those in the liver cell of regularly fed fish (Figs. 5 and 6; cf. Fig. 3 ). Fig. 6 shows this region in high magnification. In the cell surface, occasionally small caveolae or invaginations of plasma membrane can be seen between the microvilli (Fig. 6 ). Some of these invaginations contain small dense particles varying in size from about 100 to soidal space. and the intermicrovillous spaces (Figs. 5 and 6). In the cytoplasm adjacent to the perisinusoidal space. there are numerous smooth surfaced vesicles, some of which seem to be apparently linked to the invagination of surface membuane (Fig.   6 ). These vesicles also contain such small dense particles.
The granular endoplasmic reticulum is reduced in number, and dispersed in the cytoplasm without forming a cluster. Numerous vesicular or cisternal elements of the agranular endoplasmic reticulum are irregularly distributed throughout the cytoplasm, frequently containing such small particles as above mentioned. Some of these vesicular elements containing particles are found in the close proximity to the large fat droplets, suggesting coalescence to the latter (Fig. 5) . The GOLGI apparatus in the liver cell, which mostly locates near the intracellular bile canaliculus (DAVID 1961 , YA-MAMOTO 1962 , consists of stacked lamellae and small vesicles or large vacuoles.
Most of vesicles or vacuoles contain the small dense particles in relatively uniform
surfaced vesicles in the cytoplasm (Figs. 5, 7 and 8). As shown in Figs. 5 and 8, these Fig. 6 . A surface region of the liver cell in starved goldfish at high magnefication. Numerous fine dense particles varying in size can be clearly observed in the lumen of sinusoid (l). The vesicles in the attenuated endothelium (e) do not contain such fine particles, whereas the smooth surfaced vesicles or the agranular elements of the endoplasmic reticulum in the liver cell contain the fine dense particles. These particles are also observed in the perisinusoidal space, the intermicrovillous spaces, and the invaginations of surface membrane in the liver cell. Mitochondria particles are particularly concentrated within the GOLGI vacuoles. Similar particles are occasionally found within the perinuclear cisternae, and rarely within the cavity of granular endoplasmic reticulum (Figs. 7 and 8 ).
The intercellular space between adjacent liver cells, where the bile canaliculus does not occur in the goldfish (YAMAMOTO 1962) , is apparently in continuity with the perisinusoidal space. The small dense particles above mentioned also can be seen here (Fig. 5) . Fig. 7 . The cytoplasm at the vicinity of nucleus in the liver cell of starevd goldfish. Near the nucleus (n) can be seen the intracellular bile canaliculus (b), the lumen of which is tightly packed with irregular microvilli. Numerous smooth surfaced vesicles or elements of the endoplasmic reticulum are observed around the bile canaliculus, most of which contain fine dense particles. These particles are particularly concentrated within the smooth surfaced vacuoles which are presumably the GOLGI elements. Similar particles are also present in the perinuclear cistern (arrow). Mito-
III.
Discussion.
In the present study, of particular interest is the wide occurrence of small dense surfaced vesicles or the elements of endoplasmic reticulum, but also in the perisinusoidal space and the lumen of sinusoid, particularly concentrated within the GOLGI vacuoles.
KARRER (1960) observed similar particles concentrated within the GOLGI and then suggested that these particles are glycogen precursors or enzymes necessary for glycogen synthesis. Since the liver cells in starved fish must be not active in glycogen formation and, in fact, the glycogen deposition is not observed in the cytoplasm adjacent to the GOLGI apparatus, it seems unlikely that the small dense particles within the GOLGI vacuoles in the starved goldfish are such glycogen precursers or enzymes necessary for glycogen synshesis as suggested by him. Recently the observations on the occurrence of small particles in the liver cell, which are quite similar in many aspects to those in the present study, were reported by CAESAR (1961) in normal guinea pigs, rats, and mice, or the rats fed with fats, and by CHANDRA (1963) in young hamsters, respectively. However, there is a great difference in interpretation on the physiological implications of such small particles between them. That is, CAESAR stated that these particles are fat particles transported to the liver and they appear to be taken up by pinocytosis from the space of DISSE into the cytoplasm of liver cells, whereas CHANDRA suggested that small dense particles are secretory granules and they are synthesized within the elements of the endoplasmic reticulum, then transfered to the GOLGI apparatus, and finally excreted into the space of DISSE by a process of the pseudomerocrine secretion. The present study does not provide on the cell surface any morphological finding suggesting such a process of pseudomerocrine secretion as illustrated by CHANDRA, in which the passage of the secretory granules which do not have a bounding membrane, may be accomplished by a break in the cell surface. On the other hand, the present observation that the small dense particles are contained in the well developed invaginations of surface membrane and within the smooth surfaced vesicles linked with invagination, suggests that the liver cells take up such small dense particles by pinocytosis from the perisinusoidal space. Although the chemical nature of the small particles can not be clarified from the present study, the fact that they bear a considerable resemblance in shape, size, and electron opacity to those identified as lipoproteins by CASLEY-SMITH (1962) in tissue sections and materials isolated from chyle or plasma, would indicate that they are lipoprotein in nature. Further, since the low density lipoproteins containing triglyceride are transported as a component of mobilized fats in blood (ROBINSON and FRENCH 1960) , and since, in fact, the small dense particles appear in the liver cell when goldfish is starved, these particles are probably such lipoprotein-triglyceride complexes. If these interpretations are correct, the liver cells can take up some of mobilized fats in form of lipoprotein containing triglyceride by pinocytosis from the perisinusoidal space. After taken up by the liver cell, some of these particles may be transfered to the GOLGI apparatus by such a fashion as shown in the intestinal epithelium by PALAY and KARLIN (1959) , where they are probably transformed into other materials necessary for cell metabolism, and others may be developed into the large fat droplets by coalescence. In this view, the present study confirms the findings of CAESAR.
IV. Summary.
The fine structure of the liver cell in starved goldfish was studied by electron microscopy.
Of particular interest was the occurrence of submicroscopic dense partiThese particles were also observed in the perisinusoidal space, the intercellular space between adjacent liver cells, and the lumen of sinusoid. Furthermore, they were occasionally contained in the invaginations of surface membrane of liver cells, and in the smooth surfaced vesicles apparently linked with invagination. The study suggested that these particles were lipoproteins containing triglyceride, and they were transported as a component of mobilized fats via blood to the liver, then taken up by pinocytosis from the perisinusoidal space into the liver cell, and transfered to the GOLGI apparatus or coalesced into the fat droplets in the cytoplasm.
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